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Abstract

Given the multi-dimensionality of animal welfare, any monitoring system for slaughter animals should comprise an integrative vision that 
facilitates animal welfare and food safety assessment. Thus, the aim of this study was to investigate risk factors as possible causes for 
liver condemnations, hoof disorders, bruise prevalence, and the quality of beef carcases under commercial operating conditions in 
Mexico. Data were recorded for 143 journeys encompassing 1,040 commercial cattle, originating from feedlots, free-range, and dairy 
production systems. Details on journey distance, vehicle type, cattle type, and animals’ origin were gathered from abattoir reports. We 
found that carcase bruising (41%) and hoof disorders (43.9%) had the highest prevalence, regardless of the production system. Variables 
such as cattle type and production system influenced liver condemnations; old bulls extensively raised were more prone to present para-
sitosis such as Fasciola hepatica. Transportation conditions (journey distance, vehicle type) and cattle type might have influenced the 
development of hoof disorders in the evaluated animals. Multivariable logistic regression showed that animals’ origin was a potential risk 
factor for severe bruising and high muscle pH, with cull dairy cows getting the most serious damage. In general, cattle transport condi-
tions were factors that showed interactions with three of the evaluated indicators (severe hoof injuries, carcase bruising, meat pH24h). 
Our study shows the need to implement integrative surveillance to identify risk factors according to the production system from which 
the animals originate. With this information it is possible to develop strategies to mitigate specific cattle welfare problems.
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Introduction 
Animal transport and pre-slaughter operations are an 
essential component of the farming industry (Ljungberg 
et al 2007). During the marketing process, livestock must 
confront different challenges that may represent a risk to 
their welfare. Even under favourable conditions, cattle may 
be exposed to multiple stressors, such as overcrowding in 
lorries, mixing with unfamiliar animals, rough handling, 
food and water deprivation, extreme temperatures, as well 
as goad use (Knock & Carroll 2019; Edwards-Callaway & 
Calvo-Lorenzo 2020). As a consequence of these pre-
slaughter challenges, animals may experience fear, dehydra-
tion and hunger, increased physical activity and fatigue, and 
physical injury (Ferguson & Warner 2008). Animal welfare 
and food safety are major issues in food production (Iannetti 
et al 2020). Improper handling and transportation are also 
responsible for stress-induced meat quality problems, such 

as shrinkage of the carcase, higher pH, dark meat, and 
damage to the carcase through bruising (Miranda-de la 
Lama et al 2012). In this context, the presence of bruises in 
the carcases or a high muscular pH, and more recently 
condemnations due to health reasons and severe hoof 
injuries, have been used as post mortem indicators of 
welfare, since they are the result of a lack of welfare in the 
production system or during pre-slaughter handling 
(Sánchez-Hidalgo et al 2019).  
Meat inspection is one of the most widely implemented and 
longest-running systems of surveillance. Its primary 
objective is to identify animals that are not fit for human 
consumption and remove their carcases and offal from the 
food chain (Stärk et al 2014). Nowadays, the prospective 
benefits of using abattoir-based animal welfare assessments 
are being increasingly recognised (Harley et al 2012; Velarde 
& Dalmau 2012). Nevertheless, due to the high chain speed 
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